Aim: This systematic review investigates associations between maternal pre-pregnancy/early-pregnancy anthropometrics (e.g. weight and body fat), anthropometric change and pregnancy outcomes in South Asian and White women.
Introduction
Asian populations are at increased risk of obesity-related comorbidities, e.g. diabetes and hypertension, at a lower body mass index (BMI) than are White populations (1) . This is due, in part, to differences in body composition as BMI in some Asian populations reflects a higher body fat percentage than that in White populations does (2 However, the BMI criteria to indicate risk among Asian populations are reduced for recommended weight (≥18.5 to <23 kg m À2 ), overweight (≥23 to <27.5 kg m À2 ) and obese (≥27.5 kg m À2 ) (3) . The obese group can be further subdivided into class I (≥27.5 to 32.5 kg m À2 ), class II (≥32.5 to <37.5 kg m À2 ) and class III (≥37.5 kg m À2 ) (2).
It is possible that the pattern of higher obesity-related risk may extend to pregnancy, resulting in increased risk of adverse pregnancy outcomes among Asian populations at a lower pre-pregnancy/early-pregnancy BMI and/or lower gestational weight gain (GWG). Maternal obesity and both inadequate and excess GWG have been associated with adverse health outcomes for mother and infant (4) . International research has highlighted that maternal obesity increases risks for both mother and child including gestational diabetes mellitus (GDM), pre-eclampsia, gestational hypertension, depression, instrumental and caesarean birth, pre-term and post-term birth, large-for-gestational-age babies, congenital anomalies and perinatal death (5) (6) (7) (8) (9) . Maternal obesity has also been associated with longer-term outcomes for the infant, such as subsequent obesity development and the associated life course morbidities (10) . Excess GWG has also been associated with increased birthweight and foetal growth, caesarean delivery, childhood overweight and post-natal weight retention (11) (12) (13) , while inadequate GWG has been associated with decreased birthweight and foetal growth (11) . The Institute of Medicine (IoM) in the USA have developed guidelines for GWG according to pre-pregnancy/early-pregnancy BMI category using the WHO general population BMI criteria (2) . Recommended GWG ranges are 12.5-18 kg for women with an underweight BMI, 11.5-16 kg for recommended BMI, 7.5-11.5 kg for overweight and 5-9 kg for obese (14). The IoM guidelines are based on evidence of the weight gain-related risk of caesarean delivery, birthweight, preterm birth, childhood obesity and post-natal weight retention (14). This evidence is drawn from a variety of ethnic groups including White, African-American, East Asian (including Chinese, Filipino and Japanese) and Hispanic populations.
Internationally, some countries such as Canada and Finland and regions of Australia have adopted the IoM guidelines (15) . However, there are currently no UK guidelines for GWG. The National Institute for Health and Care Excellence (NICE) has not incorporated the IoM recommendations into national guidelines for weight management during pregnancy owing to a lack of UK population evidence, particularly relating to ethnic diversity (16). NICE recommended that research was needed to investigate weight gain in pregnancy and health outcomes among UK ethnic minority groups (16). In the UK, the largest ethnic group is White (86.0% of the population) followed by Asian (7.5% of the population) (17,18). The majority of the UK Asian population are South Asian, Indian (2.5%), Pakistani (2.0%) and Bangladeshi (0.8%) (17,18). NICE defines the UK South Asian population as 'immigrants and descendants from Bangladesh, Bhutan, India, Indian-Caribbean (immigrants of South Asian family origin), Maldives, Nepal, Pakistan and Sri Lanka' (19). The populations used to develop the IoM guidelines do not include South Asian populations, and, therefore, the IoM guidelines may not be appropriate for ethnic minority groups in the UK. Additionally, current UK guidelines for both weight management (16) and the clinical management of obesity-related risks in pregnancy (20) use the WHO general population BMI criteria rather than incorporating the BMI criteria specific to Asian populations. National data from England show that the incidence of maternal obesity in South Asian populations doubles when using ethnic groupspecific BMI criteria rather than general population BMI criteria (21). Therefore, a large proportion of South Asian women are potentially being incorrectly assigned to low-risk care using current UK guidelines, which may widen the gap in health inequalities in access to health care (21).
Variations in obesity-related risk by ethnicity lead to health inequalities (22); addressing these inequalities requires an accurate account of epidemiology (23). There are existing reviews that consider associations between maternal BMI and pregnancy outcomes (6, 24) as well as GWG and pregnancy outcomes (11, 14) . However, there is a lack of systematically reviewed evidence that relates to South Asian women or considers additional measures of body composition (anthropometrics) such as skin-fold thickness (SFT) and body fat percentage. These measures are especially important for Asian populations given the association between risk and body fat percentage and distribution. This systematic review aimed to synthesize the existing evidence base of associations between maternal pre-pregnancy/early-pregnancy anthropometrics (e.g. BMI and SFT. From this point forward exposures of pre-pregnancy/early-pregnancy BMI, SFT etc will be referred to as pre-pregnancy) and/or gestational change in anthropometrics (e.g. GWG and gestational change in SFT) on pregnancy outcomes among South Asian women and their offspring compared with White women.
Complementary Medicine Database, the Joanna Briggs Institute database, PROSPERO, Centre for Reviews and Dissemination database, Cochrane Database of Systematic Reviews and the federated search engine Epistemonikos, which provides access to systematic reviews, and primary studies included in these reviews (all searches shown in Fig. S1 ).
The search strategy for this review was designed to maximize the identification of relevant epidemiological studies. Additional searches included hand searching the reference lists of relevant studies or related reviews identified by the database searches to identify any relevant studies that had been cited. Each study that met the inclusion criteria was subjected to citation searches using all citations produced by Google Scholar to identify any published studies that had cited the included studies. Authors of any relevant published abstracts were contacted to identify any subsequent full publications of the research. Any studies identified by the supplementary searches were also subject to reference list and citation searches until no further eligible studies were identified. Authors of the final included studies were contacted for additional data to include in the analyses when required.
The comprehensive search strategy was carried out between December 2015 and July 2017. Inclusion criteria were peer-reviewed full studies, published in the English language at any date. Studies involving observational quantitative research methods including cross-sectional, case control and cohort study designs were included. Studies had to include data for both South Asian women and White women, and either 1. maternal pre-pregnancy or early-pregnancy anthropometric measures such as BMI or SFT, and pregnancy outcomes for mother or infant; 2. a measure of gestational anthropometric change (i.e.
change from pre-pregnancy measures at specific time points in the pregnancy) such as GWG or gestational change in SFT, and pregnancy outcomes for mother or infant.
South Asian women were defined as per 2013 NICE guidelines to represent UK South Asian populations (19). Studies were also included if they were carried out in the UK and referred to an Asian population, because in the UK the term Asian is used to refer to people with ancestry in the Indian subcontinent, whereas in other countries, the meaning is much broader, particularly in the USA where the term is mainly used to describe East Asian populations (25) . White populations were defined as White, White European, Caucasian or White British women. In studies that reported UK data and more than one White or European ethnic group, the data for White British or UK participants were included in this systematic review.
Two authors (E. S. and D. J.) independently screened titles, abstracts and full papers of potentially relevant studies for inclusion in the review. All four authors then carried out data extraction and quality assessments for all included studies (E. S., D. J., J. R. and N. H.). A standardized protocol was used for data extraction (Fig. S2) . Quality assessment utilized an adapted version of the NewcastleOttawa scale for cohort studies (26) . Full details of the exact questions used and reasons for amendments to the scale are given in Fig. S3 . The Newcastle-Ottawa quality assessment scale is a tool for assessing the quality of non-randomized studies (where a score of 0 is lowest quality and a score of 8 it the highest possible quality) (26) . It has previously been used for a systematic review considering the association between maternal BMI and pregnancy outcomes (7) . Independent data extractions and quality assessments were combined and agreed upon. References were managed and recorded in ENDNOTE version 7 (1988-2016 Thompson Reuters, New York, USA).
Appropriateness of pooling the results of the individual studies identified for inclusion in the systematic review was assessed. Owing to the heterogeneity of pregnancy outcomes, anthropometric measures and comparisons made (i.e. South Asian women compared with White women of same BMI, and women of the same BMI compared within ethnic groups) in the primary studies, pooling of the data was not appropriate, and meta-analysis was not possible. A descriptive synthesis has been used to provide a narrative summary of pregnancy outcomes by weight-related exposure groups: group 1, maternal pre-pregnancy anthropometrics; group 2, gestational change in anthropometrics during pregnancy; and group 3, a combination of maternal pre-pregnancy anthropometrics and gestational change in anthropometrics. The systematic review was registered on the PROSPERO database (reference 42015024801).
Results
A total of 31,515 studies were identified by the searches, of which 22 met the inclusion criteria ( Fig. 1) and included a total of (403,609 births [351,856 White and 51,753 South Asian]). Thirteen studies were from the UK (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , three from Australia (40, 41) , two from Norway (42, 43) and Canada (44, 45) , and one from USA (46) and Spain (47) ( Table 1) . Some studies used more than one exposure: 21 studies used maternal anthropometric measurements as the exposure (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (43) (44) (45) (46) (47) (48) (group 1), three used gestational change in maternal anthropometrics as the exposure (31,42,47) (group 2) and two used a combination of pre-pregnancy anthropometrics and gestational change in anthropometrics (42, 43) (group 3). Of the studies that used maternal BMI as a categorical exposure (n = 7), only three studies applied BMI criteria for South Asian populations (29, 46, 48) . The quality scores of the studies ranged from 2 to 7 (out of a maximum of 8), with a mean score of 5 ( Table 1 ). Detailed quality assessment results are presented in Table S4 . In addition, there was one study carried out in Australia that defined South Asian women as per the NICE guidelines but also included women from Afghanistan and Iran. As the majority of the South Asian population met the NICE definition, and owing to the ambiguity of definitions used by other studies (e.g. 'from the Indian subcontinent' or 'any other Asian background'), a decision was made to include this study in the review.
Overall, results were inconsistent. Results have been presented narratively and grouped by pregnancy outcome and type of exposure. Included studies reported 17 pregnancy outcomes: three during pregnancy (GDM, hypertensive disorders and gestational change in anthropometrics 1 ); 12 perinatal outcomes (mode of delivery, distance from skin to epidural space, post-partum haemorrhage [PPH], shoulder dystocia, foetal compromise, congenital anomaly, preterm birth, stillbirth, admission to the neonatal intensive care unit [NICU] or special care nursery, perinatal death, birthweight and a composite category for any perinatal morbidity); and two post-natal outcomes (weight retention and impaired glucose tolerance IGT). Six of the outcomes were reported by more than three studies (GDM, anthropometric change during pregnancy, preterm birth, birthweight, mode of delivery and post-partum weight retention), and four of the outcomes were reported by two studies (stillbirth, hypertensive disorders, admission to NICU/special care nursery and PPH). The remaining eight outcomes were reported by one study only (distance from skin to epidural space, post-natal IGT, perinatal death, dystocia, foetal compromise, any perinatal morbidity, congenital anomalies and post-natal weight retention).
Gestational diabetes
Exposure group 1: maternal pre-pregnancy anthropometrics Thirteen studies reported data for maternal pre-pregnancy weight, BMI, SFT and serum leptin levels (28, 32, 34, 35, (37) (38) (39) (40) 43, 44, (46) (47) (48) . Nine reported an increased association 1 Gestational change in anthropometrics is an exposure to investigate associations with pregnancy outcomes and also an identified pregnancy outcome associated with pre-pregnancy anthropometrics. 488 Maternal anthropometrics in South Asian women E. Slack et al.
obesity reviews with GDM for South Asian women compared with White women (28, 32, 34, (37) (38) (39) (40) 43, 47) . Three found a decreased association (35, 44, 46) . One found an increased association for South Asian women in unadjusted results (48) . However, following adjustment, this association decreased to less than that for White women (48) . Six studies found that mean weight (37) or mean BMI (34, 38, 40, 43, 47) was lower in South Asian women with GDM compared with White women with GDM. Two studies reported statistical significance: one found the difference to be significant (34) and the other did not (47) . One study reported that although South Asian women with GDM had a lower mean BMI than did White women with GDM, they had higher mean values of SFT and serum leptin levels (43) ( Table 2) .
Six studies presented odds ratios (ORs) or relative risks for the association between maternal pre-pregnancy anthropometrics and GDM; three found an increased association between GDM and maternal BMI in South Asian women compared with White women (28, 32, 34) , and two found a decreased association for South Asian women (35, 46) . Two studies only presented unadjusted results; both of these studies found that ORs of GDM were higher in South Asian women than in White women (28, 34) . Two studies presented unadjusted and adjusted results. One found that ORs of GDM were lower for South Asian women than were those for White women (35) . The other found that South Asian women had a higher OR of GDM; however, following adjustment, the adjusted OR (AOR) decreased to less than that of White women (48) . Two studies only presented adjusted results: one found the AOR was higher in South Asian women (32) , and the other found that South Asian women had a lower AOR of GDM than did White women at the same BMI (46) ( 492 (42) . For all levels of exposure, the ORs of GDM were higher for South Asian women than for White women (42) .
Anthropometric change during pregnancy (outcome)
Exposure: maternal pre-pregnancy anthropometrics Three studies provided results for the association between the exposure of pre-pregnancy BMI, weight, SFT and serum leptin levels and the outcome of gestational anthropometric change (30, 43, 45) . One study presented GWG by prepregnancy weight (45) . One study presented mean difference in gain of maternal weight and SFT (bicep, triceps and subscapular) and did not present data on statistical significance (30) . One study presented the change in BMI, triceps, subscapular, suprailiac SFT measures and the sum of all these, and also serum leptin levels from 14 to 28 weeks' gestation (43) . All three studies (30, 43, 45) identified that South Asian women had a lower pre-pregnancy weight (or BMI) compared with White women (p = 0.015 (43) , p ≤ 0.0001 (45) ). However, gestational change in weight or BMI was higher among South Asian women (p = 0.023 (43) , p = 0.17 (45)). Two studies presented some conflicting results relating to pre-pregnancy baseline SFTs and gestational change in SFTs. One study found that measures of SFT (bicep, tricep and subscapular) at 8-18 weeks' gestation were higher for South Asian women compared with White (30) . Another study also reported significantly higher subscapular SFT (p = 0.002) among South Asian women at 14 weeks, but no significant difference at 14 weeks for tricep (p = 0.83), suprailiac (p = 0.96) or the sum of SFTs (p = 0.20) (43) . Results relating to change in SFT during pregnancy were also conflicting. One study reported that both bicep and tricep SFT gains were higher for South Asian women than for White women at all time points (29, 32 and 37 weeks) (30) , while another study found no significant difference in tricep (p = 0.085) or suprailiac (p = 0.24) SFT at 28 weeks (43) . However, similar results were present for subscapular SFT gain, which both studies reported to be higher at 28 weeks (p < 0.001) (43) and 29 weeks (30) . One study further reported South Asian women had gained a significantly higher sum of triceps, subscapular and suprailiac SFTs (p = 0.001) (43) . This study also found that serum leptin levels were significantly higher at 14 and 28 weeks' gestation in South Asian women (p = 0.002 and p ≤ 0.001 respectively) and that the change in serum leptin from 14 to 28 weeks' gestation was also significantly higher for South Asian women (p = 0.004) (43) .
Preterm birth
Exposure: maternal pre-pregnancy anthropometrics Three studies presented results for the association between pre-pregnancy BMI and preterm birth (<37 weeks) (28, 32, 48) . One reported unadjusted results, which suggested increased association between BMI and preterm birth among South Asian women (as the OR for preterm birth was significantly decreased for White women, but not for Pakistani women) (28) . One reported adjusted results that suggested South Asian women have reduced OR of preterm birth with increased BMI compared with White women (32) . One presented information for both unadjusted and adjusted results that suggested that with increased BMI, there was a marginally higher OR for preterm birth in South Asian women compared with White women (48) . However, ORs (both unadjusted and adjusted) did not reach statistical significance for either ethnic group (48) ( Table 3 ).
Birthweight
Exposure: maternal pre-pregnancy anthropometrics Five studies reported results for the association between maternal pre-pregnancy BMI, weight, mid upper arm circumference and SFT and birthweight (28, 31, 32, 34, 48) . One study reported the outcome of well-grown babies (above 10th centile (49)) (31), three reported macrosomia (28, 32, 48) , one low birthweight (32), one small for gestational age (48) and one birthweight z score (34) .
South Asian women delivering well-grown babies had significantly higher mean triceps and SFT (mm) than did White women (p < 0.025 and p < 0.005, respectively), but no difference in mean weight (kg), middle upper arm circumference (mm) and bicep SFT (mm) (31) . Offspring of South Asian women had a higher AOR of low birthweight than did offspring of White women (32) . White women with a BMI ≥ 30 kg m À2 also had significantly reduced AOR of low birthweight, while the reduction in AOR for South Asian women did not reach statistical significance (32) . One study found that with increased BMI, the odds of small for gestational age decreased significantly for both South Asian and White women; there was minimal difference in the decrease between the two ethnic groups, and this remained the same following adjustment (48) ( Table 3) . Two studies found that with increased BMI, South Asian women had a higher OR for macrosomia than did White British women (28, 48) ; for one study, this remained true following adjustment (48) . However, the findings from one study refuted this association and reported South Asian women to have a lower AOR of macrosomia compared with White women (comparing maternal BMI ≥ 30 kg m À2 with BMI < 30 kg m À2 ) (32) . One study found that in both women with and without GDM, BMI had a greater effect on birthweight z scores in South Asian women than in White women (34) ( Table 3) .
Mode of delivery
Exposure: maternal pre-pregnancy anthropometrics Three studies reported results relating the association between maternal BMI and mode of delivery, including caesarean section and instrumental delivery (28, 32, 48) . One found that South Asian women had a slightly higher OR of caesarean associated with an increase in BMI than did White women (28) . One study found that the odds of unplanned caesarean were lower in South Asian women compared with White women (48); however, following adjustment, the odds in White women decreased below those of South Asian women (48) . One study found that while there was a higher AOR of elective caesarean in South Asian women, the AOR of emergency caesarean was lower for South Asian women than for White women (32) . Two studies presented results on instrumental delivery. Both studies found that South Asian women had a higher AOR of instrumental delivery associated with increased maternal BMI compared with White women (32, 48) (Table 3) .
Pregnancy outcomes with evidence available from one or two studies
Two studies reported data for each of the following outcomes: stillbirth, hypertensive disorders, admission to NICU/special care nursery and PPH. Single studies reported data for distance from skin to epidural space, post-natal IGT, perinatal death, congenital anomalies and post-natal weight retention. The results are presented in Table S5 .
Exposure: maternal pre-pregnancy anthropometrics A significant positive association was identified between maternal BMI and stillbirth for South Asian infants but not for White infants in one study (29) ; the other study found a higher OR of stillbirth associated with maternal BMI for South Asian infants than for White (although this did not reach statistical significance) (48) . Two studies found a significant positive association between maternal BMI and hypertensive disorders of pregnancy for both White and South Asian women, which was lower in South Asian women (28, 48) ; this association remained following adjustment in one of the studies (48) . The ORs and AORs of admission of infants to NICU/special care nursery and maternal PPH were lower in South Asian women compared with White women (32, 48) . One study found that distance from skin to epidural space increased with increasing BMI; this was lower in South Asian women than in White women (36) (Table S5 ). In women with post-natal IGT, mean weight was lower for South Asian women (68.3 kg) than for White women (79.9 kg) (37). There were higher AORs for offspring perinatal mortality associated with maternal BMI among South Asian infants than White infants (32) . South Asian infants also had a higher OR of congenital anomalies at BMI 25-29.9 kg m À2 than did White infants, and a lower OR of congenital anomalies at BMI <18.5 and ≥30 kg m
À2
( (27)). South Asian infants had higher ORs and AORs for shoulder dystocia and 'any perinatal morbidity' compared with White infants (48) . ORs of foetal compromise were lower for South Asian infants; however, following adjustment, AORs for South Asian infants increased to more than those for White infants (48) . Post-natal retention of anthropometric measures was found to be higher in South Asian women than in White women (43) . At 14 weeks' gestation, South Asian women had significantly lower BMI (p = 0.015) and significantly higher subscapular SFT (p = 0.002) and serum leptin levels (p = 0.002) compared with White women (43) . However, there was no significant difference in tricep SFT, suprailiac SFT or the sum of SFT (p = 0.83, p = 0.96 and p = 0.20, respectively) (43) . Despite the differences at 14 weeks' gestation, South Asian women had significantly higher change in all measures: BMI (p ≤ 0.001), tricep SFT (p ≤ 0.001), subscapular SFT (p = 0.022), suprailiac SFT (p = 0.016), sum of SFT (p ≤ 0.001) and serum leptin levels (p ≤ 0.001) (43) . At 14 weeks' gestation, BMI in South Asian women was not significantly different to that of White women (p = 0.83), and all other measures were significantly higher for South Asian women than for White women; South Asian women had significantly higher change in all measures: tricep SFT (p ≤ 0.001), subscapular SFT (p ≤ 0.001), suprailiac SFT (p = 0.001), sum of SFT (p ≤ 0.001) and serum leptin levels (p ≤ 0.001) (43) .
Discussion
This systematic review included 22 studies and data from 403,609 births to compare the association between pregnancy anthropometrics and pregnancy outcomes in South Asian and White women. The strongest evidence from the included studies suggests that South Asian women have a higher risk of GDM associated with maternal pre-pregnancy anthropometrics and anthropometric change during pregnancy than do White women. There was also some evidence to suggest an increased association among South Asian women 2 with maternal pre-pregnancy anthropometrics and the outcomes anthropometric change during pregnancy, birthweight, mode of delivery and GDM. Gestational anthropometric change was also found to be associated with GDM. We found limited evidence to suggest that there may be associations between maternal pre-anthropometrics/early anthropometrics and hypertensive disorders, stillbirth, congenital anomalies, post-natal weight retention and post-natal IGT. The evidence also suggested that there may be a combined effect of pre-pregnancy anthropometrics and gestational anthropometric change on both GDM and post-natal weight retention. However, there was evidence that refuted some of these associations, and for many combinations of anthropometric exposure and pregnancy outcomes. Further evidence is required to explore these associations.
This review is the first to consider the association between maternal pre-pregnancy anthropometrics and anthropometric change during pregnancy on pregnancy outcomes in migrant and descendant South Asian women. Included studies allowed exploration of three levels of anthropometric exposure (maternal pre-pregnancy anthropometrics, gestational change in anthropometrics and a combination of maternal pre-pregnancy anthropometrics and gestational change in anthropometrics) on a number of different pregnancy outcomes. Consideration of different anthropometric measures is particularly important in the South Asian population as they better reflect fat distribution than does BMI alone. In the nonpregnant population, there is a wealth of evidence that the South Asian population is at an increased risk of diabetes at a lower BMI than the White population is (50) .
It is hypothesized that these differences in body composition lower percentage of lean body mass and that a higher proportion of fat mass contributes to the increased risk of type 2 diabetes in the South Asian population (50) . Included studies have identified that South Asian women have a higher risk of GDM at a lower BMI or weight than do White women (28, 32, 34, 37, 38, 40, 43, 47) . A lower percentage of lean body mass and a higher proportion of fat mass may also play a role in the development of GDM at a lower BMI (or weight) than in White women. In addition to differences in body composition, many other factors may play a role in explaining the difference in risk of pregnancy outcomes observed between the White and South Asian populations, e.g. consanguinity (51), socioeconomic status (51), access to maternity care (52) , maternal mental health (53), place of birth (51), maternal age (41) and marriage (or cohabiting status) (54) .
A major strength of this review is the comprehensive search strategy used. We performed a search of 12 databases, piloting and refining the search strategy by the research team and an information scientist with expertise in database searching. We also searched citations and reference lists of included studies, and the reference lists of reviews that were related to the topic area. Of the 22 included studies, 20 were identified through database search alone (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (42) (43) (44) (45) (46) 48) , one from screening the reference lists of relevant reviews (41) and one from searching the citations of included studies (47) . In their recent review and meta-analysis, Heslehurst et al. also found that in order to minimize bias, it was essential to include evidence from searches in addition to database searching (7) .
The main limitation of this systematic review relates to data availability in the existing literature. Owing to the heterogeneity between populations (e.g. in relation to firsttrimester maternal obesity (21), blood pressure (55) and risk factors for coronary heart disease (56)), we would have preferred to consider the risk for Pakistani, Indian and Bangladeshi women, etc. independently. However, the evidence identified did not allow for independent subgroup analysis, and all South Asian women had to be analysed together. This review was also unable to distinguish South Asian populations by place or birth and/or immigrant status. This has been shown to affect rates of GDM, as Asian and other immigrants to high-income countries typically have higher rates of GDM than do those born in high-income countries (57) . Limited evidence was available for the following exposures: gestational anthropometric change and the combined effect of pre-pregnancy anthropometrics and gestational anthropometric change; for measures of anthropometrics other than BMI and weight (e.g. SFT and body fat percentage) and for a number of pregnancy outcomes, evidence was only available from one or two studies. Although this was useful as it highlights that this is an under-researched area, the lack of evidence available limited the ability for evidence synthesis and limits the conclusions that we can draw about these pregnancy outcomes.
Among the included studies that compared maternal BMI categories (n = 7), only three studies applied lower BMI cut-offs specific to Asian populations (29, 46, 48) . Consequently, the results from the studies using general population BMI criteria for the South Asian population may have underestimated the effect size and the significance of the association. This is due to women of potentially increased obesity risk (pre-pregnancy BMI, 27.5-30 kg m À2 ) not being included in the obese category and women of potentially increased overweight risk (BMI, 23-25 kg m À2 ) included in the 'low-risk' comparison groups. This review has identified that South Asian women may have a higher risk of multiplepregnancy outcomes at the same BMI than do White women. Had the BMI categories specific to the South Asian population been applied, it is possible that this risk may be even higher, and that some pregnancy outcomes that this review found to be non-significant for South Asian women may actually be higher and even reach statistical significance.
Of the three studies that did apply BMI cut-offs for the South Asian population, one reported that using the Asian-specific criteria did not make a difference to results, although it did not present the exact values (48) . The other two studies both found a change in odds compared with the higher BMI cut-off. Penn (46) . Of all the studies that considered GDM as an outcome where maternal BMI was categorized as the exposure, Pu et al. found the lowest odds of GDM (for both BMI cut-offs, Asian specific and general population) (46) . One reason for this finding may be that women with overweight and obesity were grouped together in this study rather than examining the groups separately, or just looking at women with obesity. This review has highlighted the lack of evidence available for the association between maternal pre-pregnancy anthropometrics, gestational anthropometric change and pregnancy outcomes in South Asian women. More research is needed that explores both the individual and combined effects of maternal pre-pregnancy anthropometrics and gestational anthropometric change on different pregnancy outcomes in South Asian women. No literature identified by this review considered the associations between maternal anthropometric exposures and childhood obesity among offspring. Childhood obesity was found to be an outcome associated with GWG in the 2009 IoM guidelines where the ethnic groups considered were White, African-American, East Asian and Hispanic populations (14) . Future research should investigate the association between maternal anthropometrics, both pre-pregnancy/early-pregnancy and the change during pregnancy, and childhood anthropometrics separately for boys and girls in the different South Asian subgroups. Future research investigating the association between maternal anthropometrics and pregnancy outcomes in South Asian women should present results separately for the different South Asian subgroups. Where possible, the risk associated with different anthropometric measures (as opposed to BMI alone) should be considered to inform the understanding of potential mechanisms relating to ethnic differences in body composition.
In addition, in this review, none of the included studies considered obesity subgroups using the Asian-specific BMI criteria (27.5 to <32.5, ≥32.5 to <37.5, and ≥37.5 kg m À2 (2)). It has been documented that within the pregnant population with obesity, levels of risk are not the same at all BMIs ≥ 30 kg m À2 . For example, the risk of post-term birth in class I obesity is different to that in class III obesity (7) . In order to explore whether this is the same for the pregnant South Asian population, future research should investigate the risk of pregnancy outcomes within each of the obesity subgroups of the Asian-specific BMI criteria, or ensure that BMI is investigated as a continuous exposure. It is recommended that wherever possible, BMI cut-offs are used that would facilitate international comparisons (18. This review has highlighted that there are differences in obesity-related risk in pregnancy for South Asian and White women. Results suggest that the risk of GDM is higher in South Asian women at a lower BMI than in White women, therefore supporting the use of ethnicity as independent criteria for GDM criteria in the NICE guidelines. Results also suggest that there are ethnic differences in risk for different pregnancy outcomes related to anthropometric measures. However, the lack of evidence available to explore these associations fully means that firm conclusions cannot be drawn. Therefore, before any recommendations can be made for policy and practice, more research is needed. In particular, the association between maternal anthropometrics and childhood obesity should be investigated in ethnic groups relevant to the UK population.
Conclusion
This review found inconsistent results. However, evidence suggested that in South Asian women, maternal pre-pregnancy anthropometrics are associated with anthropometric change during pregnancy, birthweight, mode of delivery and GDM. Evidence also highlighted that gestational anthropometric change may be associated with GDM. However, the limited evidence available for these exposures and also other 498 Maternal anthropometrics in South Asian women E. Slack et al. obesity reviews pregnancy outcomes warrants further investigation to inform policy and practice to address health inequalities.
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